INTRODUCTION
Product families are an important and current area of engineering design research. According to Jiao, Simpson, and Siddique [1] , a product family is a group of products produced by the same manufacturer, designed to fulfill the requirements of multiple market niches. Members of a product family are called variants and it is common for these variants to share physical characteristics. When product variants are similar enough, common components are often consolidated forming a product platform [2] . Product platforming is a powerful tool for design engineers and serves three major functions. First, basing multiple product variants on a platform can reduce manufacturing costs. Second, product platforms often serve as a starting point for designing new product variants. Using the platform can help shorten the lead time of new variants. The first two functions of product platforms are important research areas [3] [4] . However, this paper focuses on the ability of product platforms to create recognizable, familiar product family identities. This is essential for product branding and the continuing success of existing product families [5] .
This work examines the interplay of graphic packaging components that identify product families and how human perception plays an important role in developing packaging design methodologies. An approach is presented using tools from display design theory, facilities layout planning, graph theory, and social network theory that aid designers in determining an optimal arrangement of graphic components on a product package. This approach is tested using a web based survey that tracks user-package interactions across a range of commonly used cereal boxes.
PACKAGE DESIGN BACKGROUND
The fundamental definition of a product's package is: the container meant to hold, protect, preserve, and identify the product [8] . Since the retail market has moved from small, family owned businesses to large corporations, self service sales systems have become prevalent with retailers. Hine best describes this shift in the modern marketplace: "…the most fundamental difference between a traditional market and the places through which you push your cart is that in a modern retail setting, nearly all the selling is done without people" [9] . The shift to the modern retail setting has caused the role of product packaging to expand from its basic functionality to be a crucial part of the product selling and branding process [10] . A study performed by the Henley Center in 1996 determined that 73% of purchasing decisions occur at the point of sale [11] . Packaging, "…is the first thing that the public sees before making the final decision to buy" [12] . For this reason, most packaging design research has focused on capturing the attention of the consumer from the store shelves. While point of sale is an important instance of consumer-product package interaction, it is only one of many times when a consumer will interface with the product package. In [13] other stages of interaction are identified as:
 product transportation  product storage  opening or closing  dispensing or consuming  disposal
There may be relevant information pertaining to any of these stages on a product package. However, if package design is only focused on attracting customer attention at point of sale, other important information may be lost to the consumer. Over the counter medications, such as Tylenol, contain many pieces of pertinent information and warnings to consumers on the product packaging.
The packaging information in Table 1 was taken directly from packaging for Extra Strength Tylenol. For the sake of brevity, not all of the information pertaining to the "dispensing and consuming" stage was included in Table 1 . As can be seen, there is arguably indispensible information on the Tylenol package that would be unavailable to the consumer if the package were to only focus on shelf appeal at the point of sale. Some of the information is meant to prevent possible dangerous situations from occurring, such as the product storage direction: "Keep out of reach of children" and dispensing or consuming instruction: "Do not take more than 8 caplets in 24 hours". Information that prevents dangerous situations from occurring can be considered more important than packaging characteristics that attract customer attention. However, because point of sale interaction is a critical part of the selling process, if often detracts from "need to know" customer information. In the past, this has lead to tragic, yet preventable mistakes. In these cases the blame is just as much on the product package design as it is on the user.
Mistakes in Packaging Design
When a package is designed without fully considering the stages of interaction, it opens up opportunities for human error. The increasing numbers of drug dispensing mistakes are a well documented problem in the pharmaceutical field [14] [15] [16] . Shooter discusses in depth how the pharmaceutical field could greatly benefit from product package design methodologies [14] . An example of a fatal dispensing error occurred in an Indiana hospital in 2006, when three babies died after receiving overdoses of the drug heparin [15] . A similar accident occurred in 2007 in a California hospital, when three infants received 1,000 times more heparin than they were supposed to [16] . Fortunately, in the second case there were no fatalities. The error occurred because a pharmacy technician accidently placed vials of the more concentrated heparin in the wrong storage location. Nurses at both hospitals retrieved the vials from the storage location and used the wrong drugs to treat the infants. In both cases, the pharmacy technician's mistake was due to poor packaging design of the two vials. Figure 1 shows vials of heparin similar to the ones confused. The vial on the left is what was given to the infants and the vial on the right is the drug that should have been given to the infants [15] .
FIGURE 1: HEPARIN VIALS SIMILAR TO THE ONES CONFUSED BY PHARMACY TECHNICIANS
In both packages, layout of text and shapes are almost identical to the eye, with the coloring being very similar as well. In this case, it is clear that these two vials are in the same product family. However, as evident by the mistakes made in two isolated events, it is not clear that these vials are product variants. This is just one of many cases where there were errors caused by product packaging design. In order to develop methodologies to help prevent mistakes with product package interpretation, it is important to understand what components make up a product package and how people perceive displayed information. Section 2.2 introduces the two main categories of packaging components. Research in display design theory that addresses human perception areas such as memory and information integration is discussed in Section 2.3.
Packaging Components
A product package fulfills its functions through form. The form of the packaging involves the interplay of package components. In product packaging literature, there have been many different perspectives expressed regarding what constitutes a package component [9, 17] . In this work, we group package components into two main categories using classifications from [12] :
 Graphic components: color, graphical shapes, typography, and imagery  Structural components: physical shape/form, size of the container and the manufacturing materials.
Structural packaging components are generally designed by packaging engineers and marketing professionals. Packaging engineers mainly focus on the functionality, materials, and manufacturability of the package, while marketing focuses on aesthetics, such as designing a package with shape and materials that would be appealing to the consumer.
The graphic components are the primary means of package to consumer communication. An adaptation of the Shooter's definitions of "attention grabbers" in packaging design [14] is used to further define the graphic components outlined by Ampuero [12] :
 Color: Includes any colors or color scheming that would be used on the package.  Graphical shape: The layout of visual information on the product package.  Typography: The varying fonts, spacing, and sizing of the textual information presented on the package.  Imagery: Any pictures, illustrations, photos, or iconography used. In the past, the graphic component layout has been designed by graphic designers and marketing professionals. Some research has been performed regarding human perception of graphic components; however this has been mainly done in the realm of display design theory.
Display Design
Displays are "…human-made artifacts designed to support the perception of relevant system variables and facilitate the further processing of that information" [18] . The primary function of a display is to promote situational awareness by communication of information to users through various modalities. Endsley defines situational awareness as "the perception of the elements in the environment within a volume of time and space, the comprehension of their meaning and the projection of their status in the near future" [19] . Some examples of common displays include car speedometers, exit signs, traffic lights and stadium scoreboards. Displays use many different modalities to communicate with users:
 2 dimensional vs. 3 dimensional  color vs. monochrome  dynamic vs. static  visual and/or auditory modality Product packaging is an example of a static, visual display that may be colored or monochrome. It communicates information regarding the product it encloses primarily using graphic components. The principles of display design theory vary depending on the function of the display [18] .
Color, in particular, must be used carefully in display design for a number of reasons. All people do not interpret colors the same, be it because of a perceptual deficiency such as colorblindness or because of stereotypes that they associate with certain colors. Health statistics indicate that 8% of males and .05% of females are colorblind [20] . This means that approximately 1 in 12 people who view a display are colorblind. For these reasons, it is common practice in display design that color be used as "a redundant measure to signal important information" [18] .
Additionally, people have stereotypes regarding certain colors that are derived from cultural influences. In the west, white is associated with purity and black with mourning, while in Indian culture black is associated with dullness and stupidity and in China, white is associated with righteousness [21] . Similar biases are seen with product packages. For example, soft drink packaging that is red is generally associated with cola, green with ginger ale, yellow with tonic water, and blue with seltzer [22] . While it is not impossible to break out of this color syndrome, it is very difficult and will likely confuse customers. The remaining principles of display design that apply to product packaging can be separated into two main categories; memory principles and information integration principles.
Memory Principles
People have two types of memory: working memory, and long term memory. Each form has its own limitations. Working memory has a capacity of 7 +/-2 units of working memory space, also known as a chunk [23] . The size of a chunk is dependent on the ability of the individual to bind items together. For example, the four random letters O S W N represent four chunks, however when the letters are rearranged to form the word SNOW, it is now one chunk. Once short term memory capacity has been exceeded, people begin to forget chunks. This opens up opportunity for mistakes.
Long term memory does not have any capacity; however it has limits on recall. Usually perceptual cues are helpful in triggering long term memory. People tend to use information from their pervious experiences, which is stored in long term memory, to help them interpret display signals. This is known as top-down processing [24] . At times, long term memory works too well, triggering actions that are no longer appropriate for a display signal [18] . This may happen if there is a sudden, unexpected change in display design and the user treats the display as it formerly was instead of how it currently is.
Due to their limitations, working and long term memory may be unreliable at accurately assessing the characteristics of a system, or in the case of product packaging, assessing the state of the product within. This is why product packaging should present information to the user that enhances their situational awareness (defined in Section 2.3) and does not depend on the user's memory. In addressing the limits of short term memory, good displays are designed to encourage the chunking of information. The more people can bind pieces of information together, the more they will retain from viewing a display. As for long term memory, display design should be consistent to avoid top-down processing related mistakes, such as a user's previous experiences triggering a perception that is inconsistent with the actual display design.
Information Integration
When reading a display, the user is required to integrate different types of information to maintain situational awareness.
The proximity compatibility principle (PCP), first introduced by Wickens and Andre [25] , relates the processing of information contained in a display to human task information processing characteristics. In a task where close mental proximity is necessary, such as using a key to interpret a graph, then the information required to complete the task should also have close proximity within the display. This is to limit the information access cost of the user. A user has a certain amount of attention resources available to them. As discussed earlier in Section 2.3, there are strict limitations on working memory, which is the form of memory necessary for information integration. The goal of a good display design is to limit the number of attention resources that must be dedicated to interpreting the display. This prevents the user from becoming overwhelmed by information and aids in the decision making process.
According to Wickens and Andre [26] there are two ways to define proximity: physical metrics and objectness. Physical metrics include characteristics such as, "closeness in space, similarity of color, and similarity of acoustic parameters of speech." Objectness is, "two or more dimensions that are both represented within a single contour belonging to a single object" [25] . These definitions of proximity are meant to apply to displays with a variety of modalities. Therefore, some of the proximity classifications do not apply to certain types of displays. The parts of Wickens and Andre's definition of proximity that can be applied to product package design are the physical metrics directly pertaining to graphic components, which are "closeness in space and similarity of color." However, because of the subjectivity associated with color, closeness in space and proximity will be considered synonymous for this paper. The relevance of the PCP in product package design is discussed further in Section 4. Other than display design research, there have been other areas of engineering that have focused on the optimization of resources related to physical layout. Two of these areas are facilities layout planning and social network theory, both of which have foundations in graph theory. All three of these areas and their relevance to product package design are discussed in Section 3.
GRAPH THEORY
Graph theory was first introduced by Leonhard Euler in 1736 when he used a graph approach to solve the Königsberg bridge problem [27] . Since then, graph theory has had applications in mathematics, computer science, social network analysis, and facilities layout planning. The methodology introduced in Section 4 of this paper uses a primal-dual graph approach as well as techniques from social network theory, both of which have roots in graph theory. It is therefore necessary to introduce basic graph theory concepts. The fundamental concepts behind graph theory are simple to understand. A graph is a collection of vertices (or nodes), some of which are joined by edges (or arcs) [27] . In the graph based facilities layout design approach, nodes are departments and the arcs represent the flow between each department. The following are some graph theory definitions that are important to understand the primal-dual graph approach as well as concepts in social network theory [27] [28] .  Degree: The number of arcs that intersect with the node.  Path: A sequence of distinct connected nodes in a graph.  Length of a path: The number of edges travelled on a path.  Geodesic: The shortest path between a pair of nodes.  Connected: A graph is connected if a path exists between every pair of nodes.  Bridge: An edge that if removed, would separate a graph into sub graphs.  The center of a connected graph: The set of nodes with the smallest maximum distance to all other nodes in the graph.  Planar: A graph that can be drawn so that the arcs only touch when they meet at the nodes.
Primal-Dual Graph Approach:
There are many similarities between facilities layout planning and product package design. Certain methodologies used for facilities design can be adapted for packaging design. One facilities design methodology that in particular can be easily modified to suite the product packaging design problem is the primal-dual graph approach. Facilities layout planning is a combinatorial optimization problem that involves "determining the physical organization of a production system" [29] . This is done by finding the most efficient arrangement of a certain number of indivisible departments, subject to a number of constraints. The primal-dual graph approach is a procedural method of solving the facilities layout problem that allows designers to maintain a visual awareness throughout the entire layout optimization process. The steps for this approach are as follows:
1) Activity relationship chart
The first step for the primal-dual graph approach is to determine the relationships between departments in the facility. Facility designers develop an activity relationship chart (REL chart, Table 2 ) to indicate how activities in different departments or work centers within a facility interact with one another. There are 6 modules in Table 2 because the example is considering the arrangement of 6 departments within a facility. For facility design, relationships between activities are identified by quantifiable measures such as workflow between departments (f ij ), the cost of transporting materials between departments (c ij ), or a numerical weight that is representative of a closeness rating between departments (r ij ) [29] . A tool called a from-to chart is often used to organize the measures associated with travelling from department i to j. A from-to chart is very similar to a Design Structure Matrix (DSM). DSMs have been studied extensively in engineering design [31] [32] .
For a from-to chart, the rows are the "sending departments" (i), and the columns are the receiving departments (j). The from-to chart is then aggregated into a flow-between chart. This chart is concerned with the amount of information flowing between departments i and j and does not take into consideration the direction of flow. Ranges for closeness ratings (Table 3) 
2) Primal Graph
Next, the designer uses nodes and arcs to pictorially represent the REL chart in a graphical format (Figure 2 ). The nodes represent the different activities, or departments, and the arcs represent the relationships between activities. This initial graph is called the primal graph and it is important that it be planar.
FIGURE 2: PRIMAL GRAPH

3) Dual Graph
The regions formed by the nodes and arcs of the primal graph are referred to as faces. Using the faces of the primal graph, a dual graph can be constructed as shown in Figure 3 . The dual graph can then be used to aid the designer in constructing a block layout for the facility. In order to construct the dual graph, the primal graph must first be planar. Then, begin by placing a node on each face of the primal graph. The dual nodes are then connected with dual arcs, which must cross through every primal arc that is on the face enclosing a dual node [30] . 
4) Block layout
The output to solving the facility layout problem is a block layout [29] . A block layout is a 2-dimensional representation of the facility with the departments arranged within its boundaries. For the primal-dual graph approach, the faces of the dual graph correspond to the space that will be assigned to the activities in the primal graph. Faces that share arcs in the dual graph will be located next to each other in the block layout. Nodes 1 and 6 share an arc in Figure 3 . Therefore, they share a wall in the final block layout, Figure 4 . Ideally, departments that have a high level of activity between them will be placed adjacent to one another, however the constraints of the facility's geometry may not make this possible for every activity. Often the designer uses a combination of the primal graph, dual graph, and REL chart to develop the final block layout [30] . While most of this methodology can be applied directly to product packaging design, some modifications to the original method are necessary in order to incorporate a product package platform (defined in Section 4), quantify the flow between packaging components, and promote display design principles necessary for effective packaging design.
Social Network Theory
As is the case with facilities layout planning, many concepts from graph theory have carried over into social network theory. This is because a social network is a graph, where the nodes are the "actors" and the arcs are "social ties" between actors [34] [35] . The actors can be people, groups, teams, or organizations and social ties are relationships, including friendship, advice, or communicating frequency. The behavior of an actor is largely dictated by their social ties. The actors that are considered most important are the most centrally located in the network. Bavelas first classified the centrality of an actor in a social network as being located on the shortest path connecting pairs of other actors [31] . Shimbel expanded on Bavelas's original definition by describing the case where some node i would like to communicate with some node j, but must use a node k as an intermediary [32] . Then, node k has responsibilities to i and j nodes, which creates a certain amount of stress on node k. The nodes that experience the most stress are considered the most central nodes in the network. Cohn and Marriott provide a variation on Shimbel's description in [33] . They define central nodes as the "nexus" that "bind and intertwine" the strands of a social network. These nexuses join the network together by synchronizing the activities of other nodes. No matter what interpretation of centrality is used, it is important to note that central points control the flow of information through a network [34] .
Applications in social network theory can be applied to product design. Sosa uses social network theory to define different types of component modularity in complex products [28] . The term "modularity" relates to product architecture. In product family design, product architecture refers to the arrangement of functional product elements into physical units and the manner of interaction of the units [35] . Product architecture can either be integral or modular. Modularity is the direct mapping from functions to components. Integrality deals with design dependencies that result in the coupling of component interfaces. Sosa, Eppinger and Rowles introduce a method of identifying whether a system is modular or integral based on analysis of component interaction using a design structure matrix [36] . In a related work, they use social network analysis to define component modularity as, "…the level of independence of a component from the other components within a product" [28] . Similarly, the most integral components would be the most connected, or central components within a product. The aim of [28] is to measure component modularity by considering the patterns of a component's design dependencies with the other components in the product. Modularity within this framework is separated into three categories: degree modularity, distance modularity, and bridge modularity.
Degree modularity:
The larger the number of components that affect or are affected by a component, the less modular the component is. The degree of a node is the number of arcs incident with it. The measure of degree modularity ranges from 0 to n-1, with n being the total number or components.
Distance modularity: The more distant a component is from all the other components, the more modular it is. Distance modularity is measured by the summation of all the geodesic distances from one node to all the other nodes in the network. Bridge modularity: The more a component bridges two other components, the less modular it is. Components that lie on the most geodesics in a network are the most integral Sosa considered all three of these measure when determining component modularity in [28] . However, they do not all apply to this approach. An adaptation to bridge modularity is used to determine which components belong in the product package platform. This is discussed further in Section 4.
GRAPHIC COMPONENT LAYOUT METHODOLOGY
The primal-dual graph approach can be modified for product packaging design. This approach helps determine the relationships, as perceived by the customer, between graphic package components and arrange components according to their relationships. Additionally, using social network theory, this approach helps designers to recognize a potential product package platform for a product package family, which is defined as:
Product package platform: A schema of packaging components identified as being common and carried across multiple product packages.
While it is possible to form a product package platform from structural components, this methodology is focused on the arrangement of graphic packaging components. Therefore, the packaging components in the product package platform definition refer specifically to graphic components in this application.
The main challenge to modifying the primal-dual graph approach for this application is constructing the REL diagram. In facilities design there are calculable measures, such as workflow (f ij ) , that aid designers in determining closeness ratings. However, it is difficult to quantify the relationships between graphic components because they are dependent on user perceptions and therefore, are intangible. To solve this problem, a user survey of product package graphic components is used, where the participant is asked several prompt questions related to the functions of the package, which are answered by the participant to indicate which graphic components correlate to each function. The graphic components of a product package are considered to be modular. Modules are identified as the smallest piece of visual information that is able to communicate a message to the user. This approach does not address the amount of package real estate that should be allocated to each module. The geometric dimensions of modules for new package designs will be consistent with the dimensions of the original package. The order in which the participant chooses the modules related to each package function will be referred to as "function flows". The adapted steps for primal-dual graph approach are:
1.) Conduct a user product package survey. 2.) Compile the user function flows from the survey results using: from-to, flow between, and REL charts.
3.) Combine the function flows to form the primal graph, using the REL chart. 4.) Determine the components that form the product package platform from the primal graph. 5.) Take the dual of the product package platform sub graph to determine its layout. 6.) Adjust the primal graph to account for the product package platform (P). 7.) Take the dual of the platformed primal graph. 8.) Construct a block layout of graphic package components.
This approach is supported by the display design principles discussed in Section 2. The memory principles discussed in Section 2.3 indicate that relationships between product package components are specified by the ability of short term memory to chunk information together. It is most probable that users will chunk together information that is related to the same function because it would tend to have a stronger relationship than information that has no such associations.
The information integration principles in Section 2.3 indicate that it is important to place components that need to be integrated together in close proximity to each other. Components that relate to the same function will likely need to be integrated and will therefore have strong relationships as well. Functions of the product packaging will be based on the stages of consumerproduct interaction discussed in the beginning of Section 2. The function of a product package is to communicate information to the user specifically for one or more of these interaction stages.
Once function flows have been identified in step 1 through user surveys and compiled in step 2, using the from-to, flow between, and REL charts, all of the paths are amalgamated using the results from the REL chart to form the primal graph in step 3. As discussed in Section 2.1, designers can limit mistakes by being consistent through a product package family. Consistency is achieved through product package platforming. A social network theory approach can be used to determine the graphic components that should make up the packaging platform in step 4.
In determining the foundational components for building a product package platform, the desire is to identify the components that are integral in fulfilling the functions of a product package. To do this, the primal graph, which consists of the function flows determined by user surveys, is used. Function flows through the graph are predetermined through step 1 and may not be geodesic. However, the function flows are the most important paths through the graph, not the geodesic distances and therefore will be considered in place of the geodesic distances for modularity measures. In addition a node could have a high degree, but all the arcs that intersect it could be related to only one function. Therefore, degree modularity is not a good indicator of component integrality in this application. An adaptation of bridge modularity is used to determine the most integral nodes:
Bridge modularity: Components that lie on the most function flows in a product package network are the most integral. The metric for bridge modularity proposed by Sosa will be applied to the primal graph, except instead of bridging two other modules, the components that bridge product packaging functions are considered integral in bringing the social network together.
In step 4 of the methodology, the adapted definition of bridge modularity is applied to the primal graph to determine the graphic components that are the most integral. Those components will become the product packaging platform, and are compiled into a single node in the network called P in step 5. The primal-dual approach will be applied to the components within P and the layout within P will be the same in each package variant.
In step 7, the dual of the platformed primal graph is taken. The platformed primal graph is the original primal graph with a node P inserted in place of the platform nodes (step 6). This step arranges the remaining components around P to determine the optimal layout for individual product variants. Finally, in step 8 a block layout of graphic package components is arranged from the dual graph to form an optimal product package layout, given a particular set of function flows.
There are some assumptions and limitations implicit to using this approach.
It is assumed that the necessary information to accurately describe the product contained within the package is present on the product package. Therefore if there are no overlapping function flows between product packages to form a product package platform, then it can be said that the packages may not be part of the same package family. It is possible, however, that the information in these case studies is poorly presented on the product package. To combat this possibility, the participants were given as much time as they needed to search the product packages for the modules that pertain to each survey question in step 1 of the methodology.
CASE STUDY
To provide a practical example for the primal-dual graph layout approach, a case study using some of the product variants from a cereal product family was performed. The steps of the adapted primal-dual graph approach were followed as described in Section 4.
1) Conduct a user product package survey. A web based survey was conducted using three product variants of a generic brand cereal product family. There were fifteen participants in the survey. Using java script (js) image maps, the cereal box images seen in Figure 5 were transformed into "active packages". Participants were provided with the following instructions: When the participants clicked on each "module", its "m#" was stored in a js string. After completing a question, the user clicked a "next question" button, which outputted the series of m#'s, or a function flow, stored in the js string to a text file, where it could then later be analyzed. The same four questions were used for each of the active packages. Questions were formulated using the stages of consumer-package interaction that are the most relevant to cereal boxes. As discussed in Section 2, the function of a product package is to communicate information to the user for one or more interaction stage. Therefore, the consumer-product interaction stages important for cereal boxes are indicative of its function. The interaction stages relevant for this case study are point of sale and dispensing/consumption. Two questions were generated for each interaction:
Point of Sale:
1. Click the modules on the package that most catch your eye. 2. Click all the modules on the package that indicate what brand this product is.
Dispensing/Consumption:
1. Click all the modules on the package that help you to understand how this product will taste. 2. Click all the modules on the package that help you to understand the nutritional value of this product.
2) Compile the user function flows from the survey results. By using the strings of modules (nodes) that participants considered important for satisfying the two functions, from-to charts were compiled for each product variant. Every time a participant clicked on node i (rows) followed by node j (columns), +1 was added to the corresponding cell (f ij +1). Table 4 shows that for product variant 3 participants went from node 5 to node 3 (f 53 ) 5 times.
Next, the from-to chart was transformed into a flowbetween chart. To accomplish this, the f ij 's were added to the f ji 's. Table 5 is the flow-between chart for variant 3. The flow between nodes 5 and 3 (f 53 ) was calculated by adding f 53 and f 35 , equaling 10. The f ij ranges for assigning closeness ratings were determined using the flow-between chart. Table 6 is the REL chart for variant 3.
The ranges f ij 's for closeness ratings in Table 6 are: X for f ij <0, U for f ij =0, O for 1≥ f ij >3, I for 3≥ f ij >6, E for 6≥ f ij >9, and A for 9≥ f ij >12. 
3) Combine the function flows to form the primal graph. Using the REL charts from step 2, the primal graphs for each variant were arranged. Because the graph must be planar in order to take the dual in step 6, the relationships were satisfied graphically in the following order: A, E, I, O, and U. In this case study, it was possible to satisfy nearly every relationship from the REL chart. The exception was for variants 1 and 2, it was not possible to satisfy one O relationship in each primal graph. Figure 6 is the primal graph for variant 3. The graph is color coded to represent the relationships that satisfy each function. This is important identifying the product package platform in step 4. Then the overlapping function flows for each primal graph were compared against each other to look for commonality. For this case study, the overlapping function flows ( Figure 7) were exactly the same for all three product variants.
5)
Take the dual of the product package platform sub graph. The product package platform nodes form a sub graph. To find the optimal arrangement of components within the sub graph, take the dual. Figure 8 shows the product platform dual graph and resulting block layout. This block layout of components will be carried across all product variants. 6) Adjust the primal graph to account for the product package platform. To account for the package platform when determining the layout of graphic components for each of the variants, the platform nodes are combined together. If this step is skipped, then there may not be a consistent arrangement of platform components for the product variants. In Figure 9 , the node labeled P is the platform node. Notice that the relationships from the primal graph to the nodes contained in P are maintained by transferring the connections to P.
FIGURE 9: PLATFORMED PRIMAL GRAPH FOR VARIANT 3
7) Take the dual of the platformed primal graph. The dual of the platformed primal graph was taken for each product variant as described in Section 4. Figure 9 is the dual graph for product variant 3. Each node is separated from the other nodes by arcs. The arcs are the boundaries between graphic components and will be used to form the blocks for the block layout.
8) Construct a block layout of graphic package components.
Using a combination of the flow-between chart and the dual graph, block layouts were constructed for each of the variants. Figure 11 shows the block layouts for each of the product variants and how the new package design would look if the newly developed layouts were implemented. The numbering of nodes is different for each of the block layouts because each of the packages has different graphic components. 
DISCUSSION
There are two main differences in the new product package layouts. The first has to do with the dispensing/consuming function. In the original layout the nutritional information was split between the top, left side and the very bottom of the package. In the new layout, the nutritional information is all grouped together and located at the middle-right side of the package. This design change promotes Wickens and Andre's PCP as well as the short term memory principle of chunking. The second difference is the order of the cereal description, cereal name, and cereal image within the package platform. Originally, the packages were arranged with the cereal name first, cereal description second, and cereal image third. In the new design, the arrangement is description, name, and image. Because the new design tracked the order that participants clicked on components, it is a natural extension to say that this is the order that consumers read product labels.
Product variant 1 Product variant 2 Product variant 3
FIGURE 11: NEW LAYOUT DESIGN FOR PRODUCT VARIANTS
One component on variant 1 and two components on variant 2 did not have any relationships with the other components on the product package. In these circumstances, the components were considered to be completely modular and arrangement in the block layout was left to the discretion of the designer. This could have happened for a couple of reasons: (1) the participants did not relate the component to either of the functions or (2) the participants did not see the component because of its placement of the product package. If the participant did not relate the component to either function, then the question should be asked whether the component should be on the product package or whether the only purpose it is currently serving is to add clutter. However, evidence points to the second suggestion. In both cases, the components were located at the very bottom of the packaging. It is possible that the participants did not see the components. In this case, assuming the components are relevant to the functions of the product package, then the components need to be relocated so that they are salient to consumers.
CONCLUSIONS AND FUTURE WORK
This paper has introduced the concept of a product package platform and the challenges associated with designing one. The difficulty of determining a quantitative metric for measuring the effects of product package design on human perception is addressed by developing the web based survey to map functional flows through product packaging. Social network theory and the concept of centrality are used to determine the graphic components on a product package that make up a platform. Finally, graph theory and facilities layout planning, which is supported by the display design memory and information integration principles, are used to find an optimal layout of graphic components, given a set of function flows.
A case study to practically utilize the proposed methodology is performed on a small family of cereal boxes. The case study is successful in using real human perceptual information to determine a product package platform that could be effectively carried across all three of the product variants. The arrangement of graphic components displays evidence of aiding consumers in navigating a product package by being consistent with display design theory principles, including Wickens and Andre's proximity compatibility principle, the concept of consistency, and short-term memory chunking.
Future work will be focused on testing packaging that is designed based on the proposed methodology against the package they were derived from. This will be done similar to the web based survey used in the case study, but add the ability to determine the amount of time it takes the participant to complete certain tasks on each package design. Once further validation is achieved, the areas of product packaging such pharmaceuticals will be addressed with the goal of reducing dispensing errors through product package design. This will include further research in the areas including cognitive engineering, signal detection theory, and pharmacy.
